Dynamical Sources in Information Theory : A General Analysis of Trie Structures by Clément, Julien et al.
HAL Id: inria-00073027
https://hal.inria.fr/inria-00073027
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Dynamical Sources in Information Theory : A General
Analysis of Trie Structures
Julien Clément, Philippe Flajolet, Brigitte Vallée
To cite this version:
Julien Clément, Philippe Flajolet, Brigitte Vallée. Dynamical Sources in Information Theory : A










ap por t  
de  r ech er ch e 
	
 ! "#$%&'()* +,%&)-'
. /103254 6782:9<;3=?>A@*7CBED 6)0 FG01HI=J@K4 2MLN6!=:0 OQPRBJ=J@S/UT












dglhgvajh _Ya k jel z`aebjm_Yd
o}z`x{d lnNae`z
oNvrpr z`}lp d }~dqh qpdk}h qpdf#rsutuv^wd Kv`}~`xdgtsursv`d
y{z}|q~_#u~u be`bcl~va$l~}dkdkknpvaw z5 fpz_fZvl}~bcdgnpv`}dv dgfpdk}~v`a$rp_p}~rszm dEYd[ bilpaedxpYvyl~v& l}~_h l~_p}~d
l~qYvyl&bejGrYacdkjGdkfml~p bjh lbez`fsv}~bcdelp_YbcaclGzf d l  zuz}pY3nNf"vfYv`ak be beGbdgf zuNlqp}~dgd jvyx{z`}
}~dgrY}d dkfl vyl~bczfYzKl}~bedk beflqpd{ z`}~j zuv`}} vCk^	l~}bedkkn aebe l l~}bedkknv`fp3lY ll}~bcd{ldk}fsv}k8dkv}Uh q
l~}bedk7Y`qpdKbkdKvfp l~qpdK dv}Uh qhgz l~&zK lqYdh z}}~dkrszfp befp}~dgrY}d dkfl vyl~bczfY&v}~d\v`fYvaik  dp
rY}dh bw dkakKbeflqYd vC`dk}~v``d5hkv`d`n}qpbeacdSvhgz`j&rpaed ldp be l}~bilp_ lbez`fsva!v`fYvaik  bwzKqpdgbe`qml zul~}bedk be
bdgf/"`qpd,_pfpbAk bcfpEp vyl vjGz)p dka`_Ydqpbw$lqsvyl)zu)p#kmfsvj&bihkvaz`_p}Uh d vfpbcl)dkfh zjGrsv`~ d9hgaevbjhgva
j&z)p dkaeacbi`d lqpzm dIzK)j&dkjGz}k aedk~!z`_p}Uh d(bclq bcfp dgr dgfp dkfmlk jel z`awgnmzK/sfpbl~dv}`z_5h qsvbefYgn
v`fpKzu!fpzfm_Yfpb z}jp dgfYbl~bcdc`qYdGrY}zlYvKlpbeaebe lbjhcl dgqYvC bez`_p}zK!lqpd&jvbefrYv`}~v`j&d ldk}~kn fYvj&dgaik
bigd`n!rYvyl~q aedgfp`lq n!z`}&qpdgbe`qmln!vrpr dkv`}~ul~zl dp d l~dg}~jGbefpdpl2kl7zEbefl~}befYbih4h qYv`}~vh ldk}bw lbjhg zu
l~qpd z`_p}Uh d l~qpd dgfml~}zr^kZvfpZl~qpd rp}~zulsvKlpbeacbcl7k zuacdgl l~dg}Ehgz`befh bjp dkfh d`qpd d5h qYv} vuh ldg}~bw{l~bihkv}~d
l~qpdgjdgai`dI}~dgawvyl~dqp8bcfvZfYvyl~_p} va0vCk\l~z( r dqh l} va,rp}~z`r dg}lbedkzK r dqhgb9hGl} vfY dg}z`r dg} vyl~z`}  zu
l~qpdco_pdkacaedl7k rsd
¡¢^£¤¥e¦ _§}|u©¨ f) z`}~jvyl~bczf l~qpdgz}kn6p)k fYv`j&bihkvaz`_Y}hgdkknYvfYv`ak beNzKvae`z}bclqpjknp be`bcl~v`a l}~dgdgn
l~}bedkkn ldk}fsv}kS dv}Uh qSl}~bedkkn l} vfY dg}zrsdk}~vlz`}n)h zfl~bcf _pdp } vuh lbez`fYq
ªj«=¬­¯®q°±¬N²}³i­¯´¶µ[·
¸¹º»#¼½+¾)½+¿½ÀUÁ#½¿UÀUÁ#½XÂ7ÃÄNÂ7Å8ÄÆ2ÀqÇ^È#½ ¹ ÀÆuÈ#¿ »É ÆÊ]Ë ºi¹ ½c¾)½xÌÆuÍiÈÀ[½ËKÈ/Î#ÄÆ2ÀqÇ^È#½ ¹ ÀÆuÈ#¿ » Î#Ï±ÐÒÑqÓ^Ô)Î6ÕKÖ#ÑÔu×eØ ÚÙIÜÛ ÃEÅ}Ý Ù ½q¾)½Þ'ßáà#¿UË ¹ À½â¼½qÍ ¼½qã#Á#Æ ¹ ½5ä/ßá×u×^â±Ó#Ñx×uåæu×]ÔuÔ{ÑuÑEç ¼½qÍ ¼½À[Æã º ½5äßR××âÓ#Ñ+×uåæ×Ôu×5×Ó
±
" N0	" !#&/( ÒR "!#c* 01^
	 
/0  }#  	 1!)
 |   dk!v`}lY}d(p be`bcl~v_#$nmigmvaedgj&dgfmlhgz`fpf _Y z_Y,aed fpzj p d-l~}bedk7z`fml!_YfpdI l}~_h l~_p}~d
p dp z`fpikd`ikfpig}~bim _pd&dglcYd[ bilpaedm_Ybrsdk}j&dgl5p bcj&rpawvfmldk}ep dcp bjh lbez`fYfYvbe}d+h zfY{l~}_Ybl   _p}5p dk
dkfYdgjelYacdp dEj&zl  z`_Y p zfpfpz`fs _pfYdv`fYvaik  dp dEl}~z`bedk }dkrp}i dkfml~vyl~bczfYSrY}befh berYv`acdp d
hgdkSv`}lY}dgnacdSv}lp}~dk	l vKlpaedkv`_) nacdSv}lp}~dkaebw{l~dkknd l aedkv`}lY}dGldg}~fYv`bc}~dk]p d(}~dqh qYdg}Uh qpdu  v
l vbeacaedNdglaedkhgz l Üp dN}dh qpdg}Uh qpdp dXh d}~dgrp}~ikdgfml~vlbez`fY,z`fmlv`fYvaik  i,rp}~iqhgbeigj&dgfml!dkfSj&z_k`dkfpfpd`n
l vfp bem_ _pfYdvfYv`ak d\dgfp bw{l~}bilp_ l~bczfp dKawvCqYv`_ ldk_p}Sdk l zl ldkfm_Ydu  d(j&z)p)agaedK_pfYb6hkvyl~dg_p}
p  v`fYvaik  dZdk lhgdgae_pbp dc z`_p}Uh d5p#kmfsvj&bim _pd1 n!aedkm _pdgaeaedkG}dh z_# }dkflGacd&j&z2p#agaedkh awv`~ bjm _pdk
hgz`j&j&dNaedkz`_p}Uh d~vfY,j&ikjGzbc}~de"! k j5lszacd,bcf6p igr dgfpYvfml~U nmacdh qYv`bcfYdk(p dIKv}`z_+sfpbcdgnmd l
aedkp dgfYbclikNbcfpbclbwvaedkNfpz`f\_pfpb z`}~j&dkq  drp}~z`rp}~bei lirp}zlYvKlYbcaebe ldNp dkNrp}befhgbcrYv`_) rsv} vja l~}d
p d\l~vbeaeacdnaez`fp_pdg_Y}p dHh qpdgj&befpdgj&dkfldglSqYv_ l~dg_p} vrprYv`}~v`be~dgfmluaebcikdk#!3p dk_) hkv} vuh lig}~bw{l~bim _pd
 zfp v`jGdkfml~vaedk±p dawv& z_p}hgdu a$ dkfl~}zrpbedIdglNaevGrp}~zulYvulpbeacbcli+p d+h zbcf6h bjp dgfhgdu!hdkNhkv} vuh lig}~bw{l~bim _pd
dl}~z`_#dgfmldgaeacdj&%kjGdkj}dkacbeigdv`_) rY}zrp}bei l~ikrsdh l} vaedk±p z`r ig} vyl~dg_p} ±p dl} vfs7 dk} lp _Zl7k rsd
befml}~z)p _pbclrsv}o_pdkacaedu
' ¦ ~| ¤ (   `qpikz`}~bcd p d&a" bcf# z`}~j&vlbez`f n z`_Y}hgdkxp)k fYvj&bjm _pdkkn vfYv`ak d5p vae`z}bclqYjGdgn v`}lY}d






2436587:9<;>=?5A@CBD9<;6E-FHG IKJML<N67O587:L<LC9PQ58RS2KTS5A9<E6IUJMVXWY7[ZS7OE,E,9\QR6585A@C9YFHG I]G ^
F`_abXced`fghikj/lnmpoHirqpsutlvdxwKlyh<f{zC|p}y~UDdxwKlyh!:zmwUhyl4
I`U mpirqp{DoXm K lynqf8a  |a  {lnh{  mHqfzC|U}4KD<lvdS{lnoHh8wy:zmwUhyl4
 zlymp{wKmH /fC}y¡/¡/¡ 
¢ £C¤y¥y¦4§8¨/¥/© ª i  irqw  qHmplylnoyf?w  o '« h ¬ hwUoqHmpilyoyfCwKmpl­w  lyhlnmw Y® m ®A oHl°¯8ln±²i  l
t{w4qwo³qHmpnqpmplXqp8w4q?i ®{ lyDlnhqpoMt²ik]qpi  h8w4mpiklnoX{{i  q  heoHlnqpo U´²¬x mtoyµ  hvwUh{w  ²oHiko
io  ijlnh U´ qpmplnlu­w  mmpl ® mplyoHlnhqw4qpi  h{o U´ qHmpilyoih#qp{l ´¶ mp K´ wKmHmwy|:qHmpiklnoyf  iko³q
qHmpilyoyfwKh8tu{o³qH|:qHmpilyox¸·[qplnmph{wKmHuoHlw4mp]vqHmpilyo³¹]µXºx{l6oHi»yl-wUh{tqp{lSoHlywKmp°  o³qpo U´ qp{l
  mHmplno ®A h8t²ih  mpl ® mplyoHlyhqw4qpi  h{oXw4mpl-wUh{w  ²oHlt ® mplyyioHl  eiheqp{l6w4j/lnmw  lSwKoHl/f ¬ i  l
w`   ®{ lnqplStio³qHmpi{qpi  h8w  wKh8w  ²oHio U´ lyi  q U´ qHmpilyoXio  ijlyhMµXºx{lS{h{i ´ ih  twKqw
  tl  {oHlyt#iko1qp8w4q U´ t²²h{wUDiw  o  ²mpylyo`wUh{t'irqlyh   ® wUoHoHlyo  wUoHoHiw    tl  o
 i « leqp  oHl U´ Dln  mH  lyoHo-o  ²mpylyo ¬ irqp#ih{tl ® lyh{tlyhq1o³²¼ U oyf U´X½ h{irqplv¾#wKm «/ j
]{wUih{oyf{wUh{t K´ h  h²h{i ´¶ mp¿tlnh{oHirqpilyoyµ6ºx{l ® m  8wK{i  io³qpikuAln8wji  m K´ qp{l`­wUih
® w4mwUDlnqplnmpoyfh{wUDl  DoHi»ylUf ® wKqp  lyh  qp<f  m-{lyi  qf²w ®{® lw4mpoSq  Alt²lnqplnmpDih{lt 
q ¬S ihqHmpihoHiku8w4mwUnqpl]mpiko³qpiyo U´ qpluo  ²mpyl/ÀYqp{llnhqHm U® 'wKh8t­qp{l ® m  8wK{i  irq U´
 lnqHqplnmv  ihyiktlyhyl/µDºxlyoHlD8wKmwKnqplnmpio³qpiyo°wKmpl¼qplyDoHl  jlyompl  w4qpltihÁw h8w4qpmw 
¬ wyÂq  o ® lynqHmw <® m /® lnmHqpilyo U´ o ® lnyi ½ qHmwUho ´ lnm /® l]mwKq  mpo K´ qp{la{l  lq ® l/µ
ÃnÄYÅ?Æ?Ç6È,É,Ê<ÅXË:Ç,Ä
Ì Í ¢ |²Î  be`bcl~v`al}~dgdgn_Y_Yvaeaikhgv`acaedqpÐÏÑÒ[ÓÔ nNv`}dl zl~q vf+vKlY l} vuh lS{l~}_h l_p}~dKvf6p+v
p vl~v {l~}_h l_p}~dKl~qYvylhgv`f l dE_pr dg}~bcj&r zdqp+zfAv  dglZzuez}pYSrp}~z)p _h dpl2k+ zj&d
z`_p}Uh dn ,v`fGvulY l} vuh l{l~}_6h l_Y}dnyl}~bcdv}~dÜlYv dp zfGv rYacbcl l~bcfp vhhgz`}Up bcfYNlzkmj5lszae
dkfh z_pfmldg}~dqpKbcf'z}pYGhzfYbip dk} v# dp8v`acrpqsvKl d l­Õ ÖØ×/ÙQÚÛUÜKÜKÜUÛ]Ù8ÝÞmn)vfpacdgl­ßáà
Õáâ	l dvf2k Yfpbcld dglzu)bcf#YfpbcldXz}p !z_`dk}`Õ `qpdIl}~bcdv`~ z)hgbevldqpGl~z'ß be±p dYfpdp
}~dqhg_p}~bi`dgaikl2kSlqYd}~_paed`n
» ¿ º ½^ß ß â Öäã?» ¿ º ½ß ßæå`ÙQÚ â ÛKÜKÜUÜXÛ7» ¿ º ½ß ßçåÙ{Ý âè Û
qpdk}d ßéå1ê jGdvfYl~qpd  _lY dglzK6ß	h zfYbe lbefpGzK l}~befplqsvylN{l v}lbclq!êC l}~bcrYrsdp
zul~qpdgbe}Gbcfpbclbwvakmj5lszaênbclq*}~dqhg_p}  bez`f3l dgbefpqYv`al~dqp v z z`f v` ßhgz`fml~v`bcfY acd
l~qYvfl7z dkacdkjGdkfml~q0`qYdIvup# v`fml~vdNzK l~qpdNl~}bed bw!lqYvlbclz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